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Introduction.
Fuel cells come in all shapes and sizes and some of the more efficient versions run at molten salt temperatures [1] . Others operate with well defined fuels based on hydrocarbon feedstocks that have been purified to remove sulphur. They are similar to a battery where there is a continuous supply of reagents: a fuel such as hydrogen, methane, methanol, or other organics along with a species capable of being reduced:
oxygen is the compound of choice.
The most ideal system from an environmental standpoint, is that of a hydrogen /oxygen fuel cell where the product is water which avoids the production of CO 2 as a greenhouse gas.
Systems in place have been used for stand alone power plants for hospitals and transport such as an electric bus but typically these systems have yet to reach economic viability in an era where there is abundance of fossil fuels Work in photochemistry work peaked in the 1980's where there was the prospect of using sunlight shining on suspensions of titanium dioxide in order to catalytically cleave water into hydrogen and oxygen [2] [3] [4] [5] [6] . In this way a clean and efficient method of producing hydrogen as a fuel was envisaged. However, there was a requirement to use a rather high energy light to achieve the splitting and it was not as efficient with visible light [6] . However suspensions of TiO 2 and immobilised TiO 2 have been used successfully to oxidise organic contaminants in waste waters when exposed to light [7] [8] [9] [10] 4
The aim of this work involves the fusing of the two disparate areas of work to develop a fuel cell which is assisted with light. The primary aim is to employ this as a power source. At the anode, a coated composite layer of TiO 2 on carbon, organics will be oxidised when it is exposed to visible light, and at a porous platinum cathode oxygen from the air will be reduced. This novel device has the added advantage that it will reduce the chemical oxygen demand , COD, in waste water since the organic compounds will be mineralised.
There has been work previously carried out using systems which oxidised organic compounds while reducing metal cations; though their use as a fuel cell was not indicated. [11] [12] [13] Results and Discussion.
The classical use of TiO 2 coatings and suspensions involve both oxidation and reduction at the particle surface. An aim of this work which has proved successful elsewhere [16] is to separate the oxidation process and the reduction process in order to harvest the current for a useful purpose . Previously, oxidation of 4-chlorophenol was performed at the photoanode while reduction of oxygen occurred at the auxiliary electrode of a three electrode system [16] .
In this work a device is proposed to remediate wastewaters by oxidising the organics and lowering the COD, while a corresponding level of reduction happens at the other electrode and the substrate is molecular oxygen. The model compound is formic acid which has clean fast electrochemistry . In addition simple organic acids are products 6 of the decomposition of organic compounds in landfills and are frequently found in leachates. Figure 1 that this electrode, which can be prepared readily, behaves in a manner similar to other methods of layer deposition such as from Ti(IV) n-butoxide deposits [17] , Ti metal oxidation or annealed TiO 2 nanoparticle deposits on indium tin oxide [12] . As such the presence of the PVC as a binder does not affect its behaviour and there is no annealing step required for an adherent layer. The PVC does not affect the electrical contact between the TiO 2 particles and the underlying carbon electrode.
In order to optimise the coating thickness, different quantities of the TiO 2 /PVC suspension (1, 2, 3, 4, µL) were applied to a carbon disk electrode and it was found that the best voltammetric response was obtained using 3 µL. When an optical filter, used to simulate solar radiation was employed, the current levels are typically 75% of those without the filter. Therefore it should be possible to use this system in practice using sunlight. electrolyte. This cell was used to generate the data presented in Table 1 . Notable features of Table 1 are as follows (a ) There is considerable enhancement of the current for the TiO 2 /PVC composite on exposure to light in both formic acid and traditional methanol fuel cells which is not seen in the case of a platinum electrode as anode.
(b) There is a greater current using formic acid compared to methanol, when the electrode is exposed to light. This is markedly the case for relatively low concentrations of formic acid (0.01 mol dm -3 ) compared to 5% Methanol with 0.1 mol dm -3 NaOH as electrolyte.
(c) Although the highest currents were obtained for high electrolyte concentrations , reasonable currents were obtained for 1.5 mmol dm -3 NaOH (currents that are 75% of the level of current for 0.1 mol dm -3 NaOH). This would be an important aspect for practical use where the electrolyte concentrations in natural samples may be low. indicating a zero order reaction as has been found previously for HCOOH [12] . When a similar HCOOH solution was exposed to, there was no decrease in formic acid concentration over a period of two hours.
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Conclusions.
This work describes the behaviour of electrodes coated using a simple method of casting a TiO 2 / PVC composite layer without any need for annealing.
A fuel cell with this novel electrode along with an air electrode can be operated in solutions where the electrolyte concentration is very small. This makes the system ideal for environmental samples.
Work needs to be carried out on the efficiency of the conversion using strong ambient sunlight to determine whether the cell is viable on a practical basis. A cell configuration would need to be designed to take into account high concentrations of organics to ensure that they do not absorb the light before it reaches the electrode surface. NaOH. The transient is on exposure to light causes a rapid rise in current. 
